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[«t*fi i ] 

h > * k , frWEtm l Mffl fc5§&j£ $ BCC flljg fc^t" & SI l 

©M'l±#Ji fc , fufB b > * >H*M <0* 2 MM £ *Lfc BCC 512© 

tulfl h > * iiMtiSM gO x (10 0) *SvMi (10 0) f^W^-fl^SE 

|fi]Lrt:^*NIMgOx (0<x<l) »fc J: l?^Jjfe$*L-CV>a£ k^#mi:1-5M^S$rL 

Mgo (ioo) h >^>n»s» 8 h y*frWSLM<oito lmniK^m^fi 

tz f e (ioo) ^ «b % & m ©amsttWB t s mis > > * ^mmm^m 2 mm kjbjs $ 

ti/;Fe (10 0) #*<b 2 ©3»l4#Ji t > Zmir2>m,%, V > *;vg^fi&i*T?*> o 

fufBMgOJf WaMgOx (10 0) (10 0) |§ H H H M^#5feIBf^ Lfe 

fOgo, (o< x <i) iia!)fi§at</^it^#stt^ i^tif-o 

[|ff*a 3 ] 

MgO (10 0) fr^sr/^lfil^ :x*/UMtMW#a®fBfc^JftS*L 
fcF e i fcJ4BCC#3t**-t*F e|^C«S H B a (10 0) mttzli (10 0) |£ H B H 

M^«5fe@ef6] Ltz&ffiMtm frhb&mi <offl&!&fem t , mm Miioi 2 ®ibo 

§ tif; F e I /di B C C il ^ ^ F e i B B a (10 0) JiSfcti (1 

o o ) m^m^m^m^i l ^isjui ^^4^*2 ©aHsi^M t , a j»*c i > * 

ItlfBMgO (10 0) ^<7)f5*^TSatmiBF e (10 0) SO^i^HMfc^lW©^ 

vmim 4 1 

TtufB^Mffi^ 0. 2-0. 5 e V^W^^^t^if tf^||M3 K|B« 
5 ] 

tfriB^jfcgHtfi, 0. 10-0. 8 5eVOilft"C*4£i:*^it4i*a3l: 

mim. 6 ] 

[MM 7 ] 

t«± 1: 1 1 <0 F e f B C C ft ^ 1 1 ^ F e ^MoMi (100) lift 
t± (10 0) i|* SM^flESfclBft Lfc^iS M *Jft*1- Jlgk, 
tufB^l<75F e tfct4BCCfltai**-r*F e^f) (10 0) ®±t^ ||S H B a Mg 

Ox (ioo) (ioo) jfs&m^flBfcKiRj c^#i§ h h h m g o * ( o < x < 1 ) 

i^^Mlil±Ci2©F e^cliBCCM^tt^F el^OW (1 0 

o) mttzit (i oo) jKif*m* , «3feKiRiLfe^ttaJi*5^*'t*xefc 

#e H H H M gOx (10 0) *5VMi (10 0) l§ H B H M^M5fe@£ffi] L Jt #j|§SM g O x ( 
0<x<l) ^W5$ft^ft^lllSi> 

^IfchCi 1 OF e JfcliB C Cfjl^tt^ F e^MOf ii (100) life 
t± (10 0) lt H H HM^ffi51c@BlS]L7i#^ H H H «^liaL. &v>T\ *§ H B H <k©7tfeOT"-;v 
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tufa* 1 OF e £tzl±BCCm?k*mir&F (10 0) H±^#|g H B H M g O 

x (10 0) &£v>ti (10 0) ^ H H H M^«5fc@BlRlL/t^ H B HMg Ox (0<x<l) ri* 

1 h > 2 O F e f H B C Cf l^f 1 4 F e B H H (1 0 

0 ) mttzlt (10 0) l£ H B H W^M5fc@eft L £#tirM «r^-r * » 4 IH 

mmmu:mtm2xmt<DmK, M^MgOx (100) *&v*ii (100) 

[I*** 1 0 I 

itrfs-i.fe H B H M gOx (ioo) *jv>ii (ioo) mMMtmmi^ l fz&m&u g o 

x (0<x<i) #><b&£ h >*/H¥M*3£j&"*-*I5g*H::, MgOx oaclttfcWSE-*- 

[81*31 1 1 ] 

»*K±fc* 1 OF e iftliB C Cmi&*^irZ> F e^^OW B H H (10 0) « t. tz 
it (10 0) |g H H H M^5fc0Bffi]L^#M H H H ii^ltai-^XfIi:, 

1 OF e tfctiB C CUISt F e^^&O (10 0) Jf±^T-=E^7 r * 
MgOiMU T--;V^ J: ^i7*JV77^MgOi^g B H H ftLtf|S a H H MgOx 
(10 0) * £ v^± (100) l§ H B H W^5fcM£ft L7t#M H B H M gO x (0<x<l)^^ 

o) mttzit (ioo) m^m^m%w.^\\^tz^m^m^m-t^xMt 

l 2 ] 

-iffBT^^^T^Mg Of^^^7 * U >^?£KJ: Mg Ox O x|t£ii^^<&0^ 
1 3 ] 

f ;V7 7 g O ISt^lg^ MgOx o xlfiSrSng-tsiftSr-g-tf i 
t^#mti-£W^i i [;iafwMS;f?-w»M 0 

umm 1 4 1 

& * ^ m i o5Mtl£Wi ^ TitrfB h y * /n*®® o* 2 mil km; $ tt£ r ^& ^ 7 r 

MlB h > * ;WMii^\ fgilM gOx (100) *4vMi (100) tt*®5&*«fcE 
faLfc#MS,&MgOx (0<x<l) ffC J: JjJgj£3*LTV>;E>£ t^#mt1-£^« 

'[W*® 1 5] 

Mgo (100) 5&>e>&& h >*>h*smi ^> it h y^^wmm^m 1 mnifc^j*$*L 

ztLtzT^A'yTX m&&&& htz%>%2<D m&fefom zti-tz m% v 
itrtaMgo (100) m<ofc&ttTMtift&T*n>7Txm&&&frb%:zmix&m 

1 6 ] 

pIB^Mte, 0. 2-0. 5eVOfirtt*l»ii:Mttl)i^l 4X« 
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1 5 izmwKDm^tfg&^o 
umm 1 7 ] 

mm^Mmmt, o. io~o. 8 5 e v<Dmmft^&&zt*mwttir&m^Mi 4 

Xii 1 5 KfBSfc^^tigtfc^o 
[|»*« 1 8 ] 

l-3©J-7>yX^t, h 9 > v^<7);ft#i: LTJlv^ tL&fjt:^ 14*^1 71 

itrnm 1 9 1 

XMgOi^ B B H ftLt$i B B B MgOx (10 0) &£Wi (10 0) I^M^IS^Efipa] 
Lfc#7g H B H Mg Ox (0<x<l) h 

h > * )\y mmm ± k t * & y r * &&&& ■^h^^m2<D &m&&m * mm-t & urn 
mum 2 o ] 

mm msMiM g o x (ioo) **v>ii (100) ffiikmtmmzm l £#mjim g o 
x (o<x<d frhtez, \- >*;h$m is* ? v y?&K z. ^ 

Mgo^xt zmmmfrv ? - v v y *m ^nmn-r z^tz mm. t-r& m^M^m^ 
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[0 0 0 1 ] 
[0 0 0 2] 

MRAM (Magnetoresi stive Random Access Memory) < Mv^ h tlX^&WiM^ 

Tj£ < i^iMft)iiti3 t) , 4Mbit WMRAM^^y^tmUfStLfefcV^^ljR 

& o 

[0 0 0 3] 

f>^MIiitLttt, m77^A l -OJi^fflv^tLTv** (##^Sti# 

$ < & ft e — ^ @8 ( B ) tC^i" fill CD5i^tt*^ t H 2 C7)5£^tt*^ 

3&*!ev^<sv^^ig^v>-cfli« "i" , "o" tLxmm-zti&o mm^ttK^m^t 

0 9fi, MR AM^Wli^^fllt^ •) , IH 9 (A) tiMR AMO^H^* "9 
,09 (B) !4*5£fi94B»#J5feB|-Ci&iK 09 (C) «\ Sr^-TWfMBI-C* & 0 

09 (A) fcacf-J: fc, M R AMi:* v^t li 7 - KlW L if 7 MB L t ^Xit 
id^BBS^fL, 5!H«PtrMRAM-fe^l5g§*LTV^ 0 0 9 (B) ^t±^K, 7 
- Fli tfy hiatc75^^f|5H@Btt$^7 , iMR AM-fe^li, TMRl^t, i©TMR| 

SSEt*MO SFETCi R^IDtft £ £ J: «9 , ffi«fll«*tt#ffl-*- £. fc d*-e § ft 0 « 
> tiM&e>#£!fex.Wu Mx.5i\ TMRt^<7)«oMt:J: tj^frd £ t^t?i-S 0 09 
(C) K^-f-J;?^ MRAM^t'J-fcWi, piS i mffi.1 0 1 ftte^jft^tLfcV-* 
ftttl 0 3 t Fl"[Z'W*l 05i, -€-<^M^lB^$tLftf-^^^i*^^L-CM$tL 
tzV~ hmUl 1 1 iW^MOSFET lOOt, TMRSt^l 1 7 t^f Ltv^ 
o V-^fiftl0 3liV-^Sil 13*^Ltgi (GND) £tU KW^ffiitlO 
5(±. KW 1 5 t TMRlft *^hLTTf y hjj&B L fcSMR$*LTV*S 0 7 - 

FlWLIiy-Mtl 1 1 WLTia^L*v^i*^^v^Tg?jg5§tLT^fto 
[0 0 0 4 ] 

JSLLfcS&IKLTfe <£ ? &~> ^fclH^-^VMRAMfi, 1 OOMO S FET 1 0 0 tTM 

* ■=£ 'J iv^it a*-? # ft 0 
[0 0 0 5] 

[itfrttl] D.Wang, et al. : Science 294 (2001) 1488. 
[0 0 0 6] 

aftOSttfflV»4£fcCJ:l)6 4Mb i tSjSOMRAM^^If^ilLttioTV^ 
ft#\ ^tt^±co^a<b<7)^^^{i N MRAM<0«5f$)JTMRff©#tt^^]± 

TMR^com*mj±^f6]±$-^ft fctt, I^MOi^tl 

fflfE# 2005-3012945 



mm 2004-313350 ^- v : 2/ 

Tt^MTMR^^^^toeHinBffitw i^^bSr^-t-BIf** (LI) 0 HOC 

[0 0 0 7] 

[HUS £ a £> <7?¥^] 

[0 0 0 8] 

<o - m k J: tt ti\ h > if > * ;v i«jf o n i mm k %m £ tt 

)uwmm^\ is a B B M gOx (ioo) (100) m^m^m^m^i l?z 

#s H H B M g Ox (o<x<d m^£nfmzfcx^&ztzmmt^&m%mtfim^ 

[0 0 0 9] 

MgO (10 0) jfc&fc* h lh>^;vill©^llflj(:i 
j£ § ft*: F e (100) t, & « * 1 oaHSBte'fcS , tulfl h > * *W MM <vm 2 Mffi \z 
J&fo $tt/cFe (100) h ta 2> % 2 omm^M t> & h > * ;v^#?t 

t'^ot, fTIBMgOJi^ #lt H H H MgOx (10 0) 2>£v>l± (10 0) *t,HHj&*«3fc 
SBftL^M^MgOx (0<x<l) |i:J: l^j83frTV>S t 

tn:*wjift$tL^ 0 ifriaMgo (ioo) m^mwTi^tmmF e (1 o o) s<o-7 

x ;v5x^;v^-©FI©^aM (>>*>H*filfc$) £#f£ H B H C:J3&t;Miti «? $>i& < L 
[0 0 10] 

*%m<Dm<DM&jz£tii$, mfczmfflnrzx.'mt, siticiioFe (1 oo) 
mzimt-rzTMt. tnmm lOFe d oo) iiti^e^Ait ^t: i i)f is b b h m 

gOx (1 0 0) *)^V>ii (10 0) K H B H I«IMLf;#i H B H MgOx (0<x<l 

2©Fe (ioo) m*Mm^&j:mtzmi-&zkZ!WfflLtir&m%mmi L <vmMi3 

[0011] 

MMgOx (100) **v>ti (100) ^ H H HM^#3feIBr&]L^#lt B s H Mg 
Ox (0<x<l) ^^^^Sft^it^illgt, iit±CilOFe (100 
) Jf**»U ->fcv>-c\ m&ik<Dtztb<DT=--)\'*'?f*)m2JMt, pffi^lOFe (1 
0 0) li^e-Allf^iOfSSMgOi (10 0) **v*tt (10 0) lt H B H 
M^ffi5feSBfR]L^#|t H B H Mg Ox (0<x<l) frh h ^^^ill^UI^TC* 
V^rii«-r^»H3X®t, if^^Jl/»li±C|2©Fe (10 0) l*lltS|4 

is fc sit * «&«#L* : f-tf>«3fi:£ft5&*iitt $ a* o ^ tirl2« i x 

gti2Igt^BIJ:, MfiJlMgOx (1 0 0) *>Sv>Wt (l 0 0) >ftll®3&*0E$fcieffl 
L7t#|§H B H Mg Ox (0<x<l) *»feJflr* KJS : lrfiS£*i-SXS : Sr^'L"CV^T fc&V* 
o Sfc, IffSBT^E/u^r^MgOJB*. MgOx xffi*fM£JSf*<^^-^*y h &fflv^T 
i«UiIv», £tf>|£, HUlBT^^^T^MgO^ffMi-^Xfl*^^ MgOxOztt 
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[0 0 12] 

*§km<0 2hKffl<Dm&fc£ti\£, MgO (10 0) jfrfcfc* h >^^WMM k> t> 
> * ;HtH/i <7)ff§ 1 WHO K&Jtu ZtLtzT^fr? r htz%>%\ (DWBf&feM £ 

, mm v y * ^mmmom 2 mm $ ti± r ^ 7 r * w&&&& & a & 2 oan^ 
mtmt> itriBMgo (100) i«fe*fT 

[0013] 

*5&9§fc:.fc*L«N WTMRtfCJt^ifiia^i^it^t^ TMR 
[0 0 14] 

0^»3&»e>*aiUfe'(iT*** (##»IW. Wulfhekel, et al. : Appl. Phys. Lett. 78 
(2001) 509.) o ifl5i?OTttt, m«^»^^^P(S^^^^^^M^^#-^ 

[0 0 15] 

TJO$#ti£#b (MR) Jfci±, fliTO^UWo 
AR/Rp= (Rap-Rp) /Rp 
i £ "C\ Rp^RapIt 2 o<otffi^)MW 2: E¥fr©M© h > * ^Sc#S 
tru-eab^o J u 1 1 i r e J: tU2\ l&^M T^*JE^i5tt*MRJfcti. 

MR lb= (Rap-Rp) /Rp = 2Pi P 2 / (1-Pi P 2 ) >K 

P a = (Do t (E f ) —Dai (Ef ) ) / (D a t (Ef ) +D a 1 (Ef ) , a = 

1, 2 (1) 

[0 0 16] 

ii-e, Poll, «WtfV^ft$"e*^ Dot (Ep)fcDffl (Er) tii, 
•etL-TtL, tf Kt^fSt* tfWO KC7x^5 (Ef) H**t* 

TO^JK (Density of statelDOS) T*4 0 aMSttW&JI&tte 
t<0^tf>OlSliO. 5J&l~T?*S;fca^ Jul 1 i r eO^CiWi^ ftfciU^ffi 
^M R lb L T 7 0 % j&*?«9 $ *L& o 

MT Ji?*7 ; &;v77X©A 1 -0<d Y is*frW9tb&i£&WMk £JEv>TfEj£1-& 

fc. g«LT?05MRJfcfc LT&J7 0%tV^'(fi^#^tLrv^^ DR AM3fe^m^l*J±t? 
[0 0 17] 

3&w#tt, Wkik^r* ^7 Aco#.it H B H (ioo) *aw± (1 o o) itM^sfciBipj 
IE l < sa^ij t fcWK) -cab & tz n^&WLft* £ m=f<d h > * 

3i (HI (B) ) aMBte#&JRT*a F e (10 0) Oi^^^-^V KflKfi*^ 

is-e**K [ioo] ^i:Mt*E-EF ^H«*^'tia (Hi (a) ) -e 

HI (B) IZTF-fZiK, *»IliaSMTJ*W(^ ll^Fe (l 

mtE# 2005-3012945 
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0 0) II i2©Fe (1 0 0) * 5 ^ £ftfcOMK#£ftfc#*£&MgOx (1 
0 0) S*SV^I± (10 0) M H B H M^«^fcSai^L^#^ H B H MgOx (0<x<l) JB3fc 
„ fc^LTfl&RSJvcv***, ±JBJ u 1 1 i r e cd^t*;W:: J: tU£ „ feaWf-^*-* > * 

^BfttftSo mi (A) tc^1"[100] (r-H) ^P*»taF e cx^^f- 
A>- KHfc itU2\ 7^;V5M:Ef fc*3ltS4fcMgE (DOS) Si. ^ fc 4?8c 

5&*l*fifHifcte:mt4*yffi2:M*U *S-5few > fc[:44o 121 1 (A 

fr&LT, tf>A I/O K (i«) !i7x)V5$tE F i:ti^fL4^ 0 -Wi^^FeA 
Kv*>l/^^vsT#fctL*-nT|6tt***ao ^tf^^r^^^V (Jp.|§ I II&-2>VMi (10 0) SB 

[0 0 18] 

#RRLooKW* ! ff do ®2 (A) *lb02 (D) i-Cli, ^^IWilti^F 
e (100) /MgO (100) /Fe (100) mik*%-t Ztifafflfctt (&T\ T 
Fe (100) /MgO (10 0) /Fe (100)MTJJ k*t4, ) ©SIH^ 
m^^t'^-TEI^^^o Fe (10 0) tt, BCCfliatSr^Ti-SSHSttflc-eabSo tT\ 
fg B B H M g O (10 0) 1 1 £Mf MB E ft (5H=-^ tf * * v -ft) 
fg H B H MgO (10 0) Iftl l©ilOT7tny-?:$|t^f;^ MgO (10 0 
) y-Kil 5^IIt^o*iLt, @1 (B) l^ti^:, 5 0 n mHOxf * * 
y^;VFe (10 0) T»*S (# 1 MS) 1 7^Mg0 (100) y-F115±i:| 
MIL, #C^TN ®i**^T (2X 1 0~ 8 P a) fc*5V*-C\ 3 5 0*C"eT--^* 
frdo $K m'H&i^K^t&^fM^ JD1IE#8 kVl?^i9, jKft5SBE**0. 0 2 n 
m/#\ J&fSaUSj&'Sift (2 9 3 K) , i: Ltlift^f Mi^MgO (Mgt 

0£:Oittf s l : 1) *fflv>, fc&^fc Oil* 4 0 c mi U y 9 ? ? *? *s V <D 

MOMiP 1 x l 0 ~ 8 P a , O 2 1 x 1 0 _ 6 Pa "T?&£o flS^MHfrWifcJftO 

MgO (MgiOfcWi : i) ©ftfr!?^ 0^S*ttav-^*tfflt4ifc4 

[0 0 19] 

HI 3 (A) !i, ;©i<^Fe (10 0) TUSH (ilit) 17©RHEED^- 
V%7F-tm~e*>%>o 113 (A) \Z7F~$-£.*)K, Fe (10 0) TtfBWl (i 1 IS) 17 
H^^tt^Itt^t ttV>-5 i h ^^LTV^c B2 (C) lCTfi-fX 3 ) 

2 nmfWMgO (100) ;t'J7S21*Fe (100) TIKll (illS) 1 

19 3 (B) l±, ^<75|5^CDMgO (10 0) A'J712 lWRHEED-f ^-y*7pf@-e 
S3 (B) IZTF-fXiK, MgO (1 00) /t'J7l2 UM*iitt^¥fitt 

[0 0 2 0] 

0 2 (D) tC^-T i d MgO (10 0) M'J TJB 2 l±fc, gJ&fJSS 1 0 nm<D 
Fe (10 0) ±I51S (H2 1I) 2 3 fcJ&J&Lfco S&ftLT, 10nm?$©Coi 
2 5£Fe ( 1 0 0 ) ±* ISmS (» 2 U) 2 3 JiKi&B Lfco C o Jf 2 5 t± N _h£BmM 

, lie©W«»ILTF e (100) /MgO (10 0) /Fe (100) M 
T J StT-£«-f&o 
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[0 0 2 1 ] 

Jif5EB&~ i^MgOiflt 1 0~ 9 To r r OjHffiJt^JS^JSBIfcfr^ 
^ffi-Cli, #!)xJ4 55T9^36*Uit* 3 0 0 DmClI^ffo^t^ 

a s >>K©««!j|***^Bn?*4o 14 fc^rfJ:? £^ OO*^* h;VP 1 fc 

0 2 (D*** MVP 2 fctHi-45"JE**l«v>i fc3&**>*»*o i5lt MgOlfWI 

fc, JtSfJSlfefcfc fctBft**BE*»KS<**^fc^ &fc*t4, MgOOitiPlC^lt^MgO 
^ttii^fe<0ai*O*Jtt*^l«-ra &<DX~& MgOx (0. 9<x<l) Wi^tt 

k&b*£3LhtL ($Jx.J4\ 0.10~0.85eV, J: <9 fMBKttO. 2-0. 5 e V OlBfflrt) > £*L 

O^^n Fe (10 0) fcOlUJO h>*^HEflfO!ft$l±, 0. 7-2. 5eVt#x^tL 
So -fiCWLt, MgOfe H B H {4S2Ilft£ h >*;H*&Oft$t±3. 6eVe*D, « 
itLtliO. 9-3. 7 e VWffjJitv^o *iI©§Kai»M^^|, t 
, 0. 3 e ViS© h >?>JVii©il§^i^?fL, }>>*frW&<0&1&&A£itPZIi&"?*> 

jtLTV^&TTtlte****.. flU iM^'(MgO, ©x(7)iJ:Uli, 0. 9 8< 
x<i, it)fftL<i±o. 99<x< i@*"eafe«9> Mgf^iHtoii^fitf 
, M g O 0$H£3&**#W f±*IW 3*L£f£H-?&&o 
[0 0 2 2] 

116 14, ±m<DlvmKX VmmLfcF e (100) /MgO (100) /Fe (10 0 
) MT jm^<DMmM%MM$&&M*7Flrm~e$>2>o 9ti£M9t2 0 Ki:*v>-CMRJfc l 

Kg»K:l3V*T&fc;ft.;fc*fc*v>MRJtT?**o ^Oi o ^Sv>MRih(^ Fe (100 

) tf J: o tilt* i t a-e i t; &L%, aii-v^ h^^tf^a 

yrKW&-tZ> tLZo 16 0©MTJfK^Lf;iSSI, MRitt 

f>^«f iCit^a^^^i^ 2 0 o /Co MT J eD#^£ *9 
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